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Abstract

Aims: Type 2 diabetes is a heterogeneous disease for which etiological 
mechanisms are incompletely understood and subclassification may improve 
patient care. In this paper, we aimed to stratify a cohort of Portuguese patients 
with adult-onset diabetes followed at our Diabetic clinic into subgroups and 
assess the impact of the clusters on outcomes and therapy.

Methods: We performed a cluster analysis on 1280 patients followed at our 
Diabetic clinic. Clusters were based on three variables: presence of Glutamic 
Acid Decarboxylase antibodies, age at diagnosis and BMI. Clinical data was 
retrieved from patient records. Statistical analysis was performed using SPSS 
v.25.0.

Results: We identified four replicable clusters of adult-onset diabetes, with 
significantly different patient characteristics and risk of diabetic complications. 
Clusters 1 and 2 were characterized by early-onset disease, higher HbA1c and 
insulin treatment. More than half of patients were included in Cluster 3, requiring 
combined therapy. Cluster 4 was characterized by late-onset disease, low 
HbA1c and monotherapy. Cluster 1 had the highest risk of retinopathy.

Conclusion: The recently proposed cluster analysis is easily replicable in 
a clinical practice setting and applicable to different populations, including the 
Portuguese. This new subclassification may enable patient tailored therapy, 
therefore representing a first step towards precision medicine in type 2 diabetes.
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Introduction
Diabetes is traditionally classified into two main forms: Type 1 

and Type 2. Type 1 diabetes, previously called “insulin-dependent 
diabetes” or “juvenile-onset diabetes,” accounts for 5–10% of 
diabetes and is due to cellular-mediated autoimmune destruction 
of the pancreatic beta cells [1]. Type 2 diabetes, previously referred 
to as “non-insulin-dependent diabetes” or “adult-onset diabetes,” 
accounts for approximately 90–95% of all diabetes. Beta cell 
autoimmune destruction does not occur, although its specific etiology 
remains unclear. Familial predisposition has been observed, but the 
underlying genetic abnormalities are poorly understood [2]. Type 2 
diabetes is a heterogeneous disease with large variation in the relative 
contributions of insulin resistance and beta cell dysfunction between 
subgroups and individuals. New data emphasizes that type 2 diabetes 
is not a single disease entity but that subgroups exist [3].

Causal mechanisms for type 2 diabetes are incompletely 
understood and subclassification may improve patient management. 
In an attempt to deconstruct the heterogeneity of the disease, recent 
studies have performed cluster analysis of individuals using serum 
biomarkers and clinical data. Ahlqvist and colleagues [4] proposed 
five new subgroups for patients with adult-onset diabetes: an 
autoimmune form, two severe forms (insulin-deficient and insulin-
resistant diabetes) and two mild forms (obesity and age-related 
diabetes). Clusters were based on six clinical variables: presence of 
Glutamic Acid Decarboxylase (GAD) antibodies, age at diagnosis, 
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BMI, HbA1c, Homoeostatic Model Assessment estimates of Beta cell 
function (HOMA-B) and Insulin Resistance (HOMA-IR). The results 
revealed a higher prevalence of retinopathy in the insulin-deficient 
cluster and a higher risk for nephropathy in the insulin-resistant 
cluster.

Other efforts have tried to identify subtypes of type 2 diabetes. 
Udler and colleagues stratified individuals by clusters of genetic loci 
[5]. Out of the five, two clusters presented reduced beta cell function, 
with marked insulin deficiency, and three clusters displayed features 
of insulin resistance. The results revealed a higher prevalence of 
coronary artery disease and stroke in the insulin-deficient cluster. In 
contrast to serum biomarkers, germline genetic variants associated 
with type 2 diabetes remain constant regardless of disease stage or 
treatment. In summary, clustering of genetic variants associated with 
type 2 diabetes has identified five robust clusters with distinct trait 
associations, which likely represent different mechanistic pathways.

In this paper, we aimed to stratify a cohort of Portuguese 
patients with adult-onset diabetes followed at our Diabetic clinic into 
subgroups and assess the impact of the clusters on outcomes and 
therapy.

Methods
We conducted a retrospective cross-sectional study and cluster 

analysis in 1280 patients followed at our Diabetic clinic at the 
Armed Forces Hospital, in Lisbon, in 2018. We excluded patients 
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diagnosed with type 1 diabetes, early onset of diabetes (<18 years), 
secondary diabetes due to pancreatic disease or Cushing syndrome 
and gestational diabetes.

Clusters were based on three variables: presence of GAD 
antibodies, age at diagnosis and BMI. Cluster 1 (autoimmune) was 
characterized by presence of GAD antibodies and age at diagnosis 
over 30 years; Cluster 2 (adult) was defined by BMI < 27 kg/m2 and 
age at diagnosis before 65 years; Cluster 3 (obesity-related) was 
characterized by BMI > 27 kg/m2; Cluster 4 (age-related) was defined 
by age at diagnosis over 65 years [6-8].

Data from patient records was collected, particularly focusing on 
diabetes-related complications, therapy, family history and metabolic 
control.

Microvascular complications were evaluated on yearly basis with 
urine albumin and serum creatinine samples to assess the presence of 
nephropathy. Retinopathy was diagnosed by an ophthalmologist on 
the basis of fundoscopy. All patients attended consultation for foot 
surveillance at least once a year where the presence of neuropathy 
was assessed with the 10g monofilament by a foot care nurse 
[9,10]. Macrovascular complications were screened with an annual 
electrocardiogram and on individual basis, according with symptoms 
of angina or claudication, as routine stress tests in asymptomatic 
patients are not recommended [11].

Statistical analysis was performed using SPSS v.25.0. A p-value 
of less than 0.05 was regarded as statistically significant. Pearson chi-
square test for independence was used to study differences in diabetic 
complications between the clusters. ANOVA test was used to analyze 
the differences among group means (BMI, HbA1c, age).

The study was approved by the Health Ethics Committee at 
Armed Forces Hospital. Consent has been obtained from each patient 
after full explanation of the purpose and nature of the study.

Results
In the analysis of our population, 71% of patients were males, 

with a median age of 69,7 years. The mean duration of disease was 
13,7 years. 75% of patients were overweight (BMI 25-30 kg/m2) or 
obese (BMI > 30 kg/m2).

In the analysis of the 1280 patients, we identified four replicable 
clusters of adult-onset diabetes, with significantly different patient 
characteristics and risk of diabetic complications. Cluster 1 consisted 
of 2% of all patients, Cluster 2 of 22%, Cluster 3 of 63% and Cluster 4 
the remaining 13% (Figure 1).

Clusters 1 to 4 patients had a mean age at diagnosis of 46, 52, 54 
and 72 years, respectively (Table 1).

Cluster 3 patients displayed the highest mean BMI (31,7 kg/m2). 
The remaining clusters presented a mean BMI of 24,4 kg/m2.

Regarding metabolic control, Cluster 1 had substantially higher 
mean HbA1c throughout follow- up 56 mmol/mol (7,3%), while 
Cluster 4 presented the lowest 49 mmol/mol (6,6%), with a p-value 
of 0,033.

Concerning therapeutics, insulin was prescribed to 73% of patients 
in Cluster 1 vs. <30% in other clusters (p < 0,001). Most patients in 

Clusters 2 (62%) and 3 (58%) required combination therapy, whereas 
monotherapy was the standard for Cluster 4 (p < 0,001).

Most patients in Clusters 2 and 3 (>60%) had family history of 
diabetes (nonspecified) vs. < 40% in the other clusters (p < 0,001).

Retinopathy was significantly more frequent in Clusters 1 (18%) 
and 2 (16%) than in other clusters (<10%). Nephropathy was the 
most common diabetic-related complication in this cohort, with a 
prevalence of 21%, with no significant difference between clusters 
(Table 2). Moreover, the prevalence of hypertension was 83%.

As regards to macrovascular complications, the most prevalent 
was coronary artery disease (9- 15%), with no statistically significant 
difference among clusters.

Discussion
Clusters 1 and 2 were characterized by early-onset disease, higher 
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Figure 1: Patient distribution according to cluster classification (n=1280).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 p-value
Number of 
patients (%) 22 (2%) 282 (22%) 805 (63%) 171 (13%) ---

Mean age at 
diagnosis (years) 45,8 51,9 54,3 71,9 p < 0,0001

Average duration 
of disease (years) 10,2 18,9 13 8,2 ---

Mean BMI (kg/m2) 25,2 23,8 31,7 24,2 p < 0,0001
Mean HbA1c% 
(mmol/mol) 7,3% (56) 7,0% (53) 6,9% (52) 6,6% (49) p < 0,033

Family history of 
diabetes (%) 38 65 60 34 p < 0,0001

Insulin 
treatmenta(%) 73 30 26 14 p < 0,0001

Combination 
therapyb(%) 23 62 58 38 p < 0,0001

Male sex (%) 68 73 73 61 ---

Table 1: Cluster characteristics in the Portuguese cohort.

Cluster 1 (autoimmune); Cluster 2 (adult); Cluster 3 (obesity-related); Cluster 4 
(age-related)
aInsulin treatment accounts for single and multiple daily injection regimens.
bCombination therapy is defined as more than one antihyperglycemic agent 
(nonspecified).

Complications Cluster 
1

Cluster 
2

Cluster 
3

Cluster 
4 p-value

Retinopathy (%) 18 16 10 5 p < 0,001

Nephropathy (%) 5 21 22 19 NS

Neuropathy (%) 5 3 5 2 NS
Cerebrovascular disease 
(%) 5 6 7 11 NS

Coronary artery disease 
(%) 9 14 14 15 NS

Periphery artery disease 
(%) 9 6 3 4 NS

Table 2: Prevalence of diabetes-related complications in each cluster.

NS: Not Significant
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HbA1c and low BMI. Furthermore, they presented the highest 
prevalence of retinopathy. Cluster 4 was characterized by late-onset 
disease, low HbA1c, low BMI, and monotherapy was the treatment 
of choice.

C-peptide and insulin levels were lacking for most patients, 
thus we were unable to calculate HOMA index and therefore assess 
insulin resistance. Hence, our study included fewer clusters than 
those proposed by Ahlqvist et al. [4]. Nevertheless, most our findings 
are in line to those published by Ahlqvist et al. [4]. Patients in the 
autoimmune cluster were also younger with poorer metabolic control, 
while those in the age-related cluster had lower HbA1c. Retinopathy 
was more frequent in clusters 1 and 2 corresponding to the severe-
insulin deficient cluster proposed by Ahlqvist et al. [4]. Contrarily, we 
did not find nephropathy to be more prevalent in any cluster.

Whereas Cluster 1 overlapped with type 1 diabetes, Cluster 
2 may represent a new form of diabetes, neither related to age nor 
obesity. These are young lean individuals who may benefit from early 
intensified treatment with injectable therapies to prevent diabetic 
complications. In particular, screening for diabetic retinopathy 
appears to be of paramount importance. As 65% of them presented 
family history of diabetes, we could argue whether some of these 
individuals have MODY (Maturity-Onset Diabetes of the Young). 
However, we did not conduct any genetic study in this population 
[12,13].

Most adults with diabetes have overweight or obesity, so those 
in Cluster 3 seem to represent the standard patient in our clinical 
practice. There is strong evidence that obesity management is 
beneficial for the treatment of type 2 diabetes [14]. In the latest ADA-
EASD Consensus Report, efforts targeting weight loss, including 
lifestyle, medical and surgical interventions, are recommended. 
When selecting a glucose-lowering medication, we should consider 
one that promote weight loss, such as GLP-1 agonists or SGLT2 
inhibitors, in addition to Metformin, as most patients will require 
combination therapy in order to have an adequate metabolic control 
[15]. Regarding Cluster 4, age-related diabetes is characterized by 
lower HbA1c and the use of less insulin, suggesting a mild form of 
diabetes. The aim of the treatment is to protect the quality of life, 
prevent hypoglycemia and related complications [8]. Metformin is an 
attractive choice for elderly patients due to low cost, positive effects 
on cardiovascular disease and low risk of hypoglycemia. However, 
the most important restricting factor of metformin treatment is 
glomerular filtration rate and treatment should be stopped if < 30 
mL/min. The prevalence of Chronic Kidney Disease (CKD) increases 
in those over 65 years, so we need to consider other options. DPP-4 
inhibitors are an advantageous treatment choice for this population 
due to the single daily dose, lack of risk for hypoglycemia and neutral 
effect on weight [16,17]. Monotherapy appears to be sufficient in 

most of these individuals (Table 3).

Diabetic nephropathy is the most common cause of CKD in 
those with diabetes [18]. However, it is not the only cause of CKD 
in diabetic patients. Hypertension is highly prevalent among patients 
with diabetes, leading to further progression of kidney disease and 
increased incidence of cardiovascular disease in this population.

Screening for diabetic complications must be initiated at the 
time of diagnosis in patients with type 2 diabetes. Screening for 
retinopathy, nephropathy, peripheral neuropathy and foot care 
should be performed at least once a year [8].

In asymptomatic patients, routine screening for coronary artery 
disease is not recommended. However, cardiovascular risk factors 
should be systematically assessed in all patients with diabetes. 
There are now several large randomized controlled trials reporting 
statistically significant reductions in cardiovascular events for SGLT2 
inhibitors and GLP-1 receptor agonists. For patients with type 2 
diabetes who have cardiovascular disease, it is recommended to 
incorporate one of these agents, in addition to Metformin [15].

The strengths of this study include adequate sample size, clinical 
relevance and replication feasibility. Moreover, it supports most 
findings published by Ahlqvist et al. [4]. Limitations of this study 
include its retrospective nature and lack of c-peptide levels to assess 
insulin resistance. Finally, family history was not studied extensively 
to exclude a potential MODY.

Conclusion
In summary, this new subclassification is easily replicable in a real 

world clinical practice setting and applicable to different populations, 
including the Portuguese. It will be exciting to explore whether 
individuals respond differently to medications based on the pathway 
predominantly disrupted or whether they have a variable rate of 
progression and diabetic complications. Furthermore, classification of 
patients by clusters of genetic loci may offer individualized treatment 
choices, therefore representing a first step towards precision medicine 
in type 2 diabetes.
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